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GENERATING CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a reference 
voltage generating circuit of a semiconductor integrated 
circuit using MOSFETs which do not affect a reference 
voltage due to fluctuations of a power supply voltage 
and temperatures. 

SOLUTION: A band-gap reference voltage generating 
circuit is constituted by a current mirror circuit 4 
which has first, second and third current paths 1, 2, 3 
structured by P channel MOSFETs and sets the second 
current path as a bias step, an N channel MOSFET which 
operates in a sub-threshold region connected to the 
first current path 1, the N channel MOSFET and a 
resistance element which operate in the sub-threshold 
region connected to the second current path 2, and the 
resistance element and a p-n junction diode connected to 
the third current path 3. In the MOS type reference 
voltage generating circuit, a drain-to-source voltage 
correcting N channel MOSFET is connected between the 
P channel MOSFET and the N channel MOSFET in the 



second current path 2. 
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n 2 cd k u-r >mj±i-± i: 4»as«Mx-r4«E«iEit 

fflA'4C, NMOSFET : N 1 . N2roKl/^>fE 
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• KU'VPslttlEffliEffiNMOS F ET : N4CDttE*i 
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m L # l^fitttl±a2$imE V REF^V T Rt8t 
-5» •9->^;UIUK(0|Sf^li. 1. 2 5 ? o > • ;u— ;ucD 
n'tJi^CMOST'Pt^-Cffofc, Sftf?-R1, R 
2linOi;Ujgta-(?©J$U R 1 l*5 0 kQT-fcS, 
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— XPsimiEMiEfflNMOS FET : N 4 £JB I Nil-S- 
CO. 7. 2 (3. 3) KU*> ■ V— XfWWEEtt 
IfflNMOSFET : N 4 Jffl^4C(hl:<j;ot 1 . 9 

(1. 1) %^<t i /3ttT0)SEKi«ira»aF4xfco 0 
tile. avtrI*. Kb-f > ■ V— ^HmiEffiiEfflNM 

OS FET : N4jfflL^l^(D6. 4 (2. 8)% 
* x bKU-f>- V — XP^BIEfilEffiNMOS FET : N 
4£ffll^C£|Cci:oT 1 . 7 (1. 0)%^<hj£l/ 
3<DMfc«i::a#*;|xfc 0 -<&til^ KU-f>-V— X 
PsimSMiEffiNMOS F ET : N 4 <D&m\Z J: LJ V B R 

[0 0 3 6] Bl±lzifi-<fcilSe*tt. ^i£S3Hii±SS 
*[Elffi*IC?¥S-r*±rcDNMOS F E TdOUT-E-O 

PMOSFET : N 3 JliC^drt-SN^t^MO S 

F ETa)Sffi/W7XtEv Su b SHWM-SWfi/W 

rxpr«EiB7Sttitti«. man* L$i^mnfr&m 

mEv T R$-f#4^i^fcL>r. vsubSff^^^b* 

-frantic* y* ^t-KSS(DNMOSFET : N 



3 (D T = 0 Kt(D L cfl^filllBEV j 0 * fflfflne* Z> 0 
C(D*f^^H7IC^-r o ttUizii. v T oMv DD = 
5. OV, T = +2 0*lCfcM+*L#lMI«E»»WE 
V T R [«T* (V T R) t y piEt o ] Sty. * 

Mia* (2* B -Vsub) ^fiJdrSo ::t\ 

20 B = O. 67V|rg.S^, VtoM (VjR) 

typt (2^B-v s u b) o^mtimmmmv 

VESlK^fllLfrlSIK-C^Al^L. nspcDpj^mss 

[0037] H7cky. aR**VE*±iaift4>i::?HE 

tittONMOSFETA^ 0. OV 2. OV 

(DSffitEVsub^^'^^t, (VjR) typ 

WEtfi. 29V-1. 7 i v<D&&mi~t>tz-Dxmm 

(Si. Av j r icoiN*cii * v 
SubW:«t l Js Vdd=5. 0±1. oviz^lt 

fc) o S^fC. V D D=5. 0±2. OVlC^f^AV 
TRlt 6-1. 9%0)SGHT*fcofc o C(Dt£ 

Ev T R^J£i^mJ±®Hi^^fcoTBi^r-#^ctii. 

K** >;/ ^*^SI± v b rK <fc ^S^mi±;lSri#^ 
*a)aj*«:^L#t^<Mtffiai*«avTR*ffl^fc»* 

[0 0 3 8] Ell 7^SEl3^^-^>^HnlKTMi. tt^ 
ISEVREF^BItfc^ctGNDtCDfellZ. UVddA 
^b»tam : FR2, p nf^^-r^— KD3C0II1IC, X 
teJSiafft^ R 2 . ^t-KgaONMOSFET : N 

If. *Hffi0>J-Clin^x;i,CMOS ^n-feX£JHl*fcfc 
tolC. SftX^R 2 t p jf-f KD 3 i SAtl 

4<DT»*L<«i:i*. ffi* hU^-^i;i/«ilfl)CM 

[0 0 3 9]-^ L#L^tt«ff»*«aEV T Rl-«fc* 
aMMtBE*±ll]tta>««l::l** n^xJlCMOS^P-b 
X T* t ftttffc^- R2^^>ft- KttfltO) N M O S F E 
T : N3£AtlWjLZ>^tlfZjmVfo&tf. V**—* 
gg(DNMOSFET : N3 07-^l 3 • R 2 (DM 

T 0-t U#t^il«ff»»*ttV t rA<±**-* 
MOSFETtPMOS F E T Sit AtlSifcEllBII 

ja*sa»*iWife-ofcs. ml P n)^t-KD3 
[0040] m 1 7bsa3iz^-rnsstwo!)x^— 

h7 ^^SK-Ctt. V D D • GN DPellri -3<7)PMOS 



FET : P7«h, 2O0NMOS FET : N 7, N8£ 
fi9J8MKLfc«£SU GNDffl^b2oa0NMOS 

FET : N8CD KU-f ><t. K U-f > • V-X|H«E» 
iEfflNMOSFET: N40y-hS*«Lfc. Lfr 

U BBWttlciSCT KU-f> • V-XM«E«IE«N 
MOS FET : N 4 £ 1* 6 % V DD -GN 

DPalClng: (<IL. nSV D D/VT> ONMOSFE 

T^tt^JffScLT. ftlb0NMOSFET(DGNDl 
^6»*T ngacT) Kl/-f>fc KU-f > ■ V— XPhISE 
ffiiEffiNMOS F ET : N 4 0)^- K £ 8«f 3 C £ 1 

[004 1] 

»E*±I3i»lrJ:*l(i. PfV*JI/MOS FETT'fltiS 

FET^^-r^SS&lrfcLNr. S»0)Nft^MOS 
F E T (D V — X • KU<>PflSI±fSiE/BMOS F ETJ 
±lEP^*;UMpS FETtfiSUIC&g&U 0>J*_l£P 
f.Y*^MOSFETT?**i*li«-, m^&tffgH 

a;u Kia-eiftt^Nf v^jumos f ET&tftgfit 

^MOS FETd: Nft^Jl/MOS F E T<Dfe1fC K L> 
-f > ■ V-XHtE*liEfflNf^*;i,MOS FET*» 

S^MtSNMOS F ET(7> FU-f >«J£jW5I£*L 
<ft£$Sm. NMOS FETCO K >»3tt*<* L < ft 
oTVre F©98tti<*«cat4*i5c fc £ ft So 
[0 0 4 2] iSv DD ■ GNDPp1(C % Pft^ 

^MOSFET^, y-f *-K&$S<DK^>r^fflN^* 
*^MOS FETSn«fZ«?IJ»«L. GNDfJ^n 
f£g<7> h^^^Nft^MOS FET£DKL/-f>J 
1515 Kb-f>- V— XPeHEE*iIEfflN^^^;UMOS F 

(S3I1!1±V d D> / (K7^^NMOSFETOL 

susfin-e* Lfc 2gg lame® a ftsco k >sje * 

KL-f >■ V-XMtEttiEfflNMOS FET(D^-h 
lc9l»a-e^4<7>T?. Nl <bN2*;fcU>h£^-«tJ£|:: 
feSMONMOS FET0 FU-f>Sl±M<E>liIE£<J: 

y m&\zmm? t ft * . 

[0 0 4 3] Ml^ y-HC1«S(DtteK5-f^J!lN 
^t^MOS FET0 KU^>a<fgj££;ft6£ft|^ 



f£^£ftfcN^*JUMOS FET 5ffll^fcX$ — h7 
? < frft 5 C t b<X * & o 

[0044] wia*=a>*aiaBic»«s*tfcp 
**ifcp ntt^dr-f^-— Koftt^yic. Ktt« 

(ONf t^^MOS F ETjfflL^CtlC^oT, 

mi± l*Sit ^ p -tr x I c ck o r S I c IS g pf fig ft L # l * ft 
«EE-e«»prtet«cy. »*«Ea>»SttH*<*«izit 

<ft£ 0 CKDdfcte, CMOS F ET(D$tLl®ittt $>\Z 

P]i-*t/S"rsz<!:^pr^[z-rsta)r*fcSo biz. nuia 

/W7XtEV Su bSmtiiS/WTXTOBB 
J£ t **BEKS H \z t> tz o r ^fc * -fr £ C <k £ S 0 
[Hi] **^lCck-SMOSM*^mBE**IslB(3D— n 

^jr-riHiBei-cfc'So 

[02] *f0||:J:5MOSiS¥iEM0»0-i 

^TF-risiBlil-e&So 

[03] *mAiz&&Mosm&mn&5£^&(D-m 
^^■rsBEiT'fcSo 

[0 4] (-f) (□ ) KU-T> • V— XP B imBE*fiEfflN 

mosfetosscoi^ m&mmiz&z&wz-s 

AfcSflEVREF (V B r) a)»«»tt**Lfcy 

[05] (-<) (D) KU-f > • V— XlW«EE«jEfflN 
MOSFET(DS»:OLNt % mi±UW}lZ& Z&WZ^ 
»fc«HEVREF (V T R) 0>a«»tt*«Lfcy 

[06] Kl/-f>« V-XHlEffllEfflNMOSFET 

vref (vbr^vjr) o)}&mn& : £mwi$5£u 
[07] s«/wrxmaEv s u b^^bi^^f-rssm 

IEVref ( (VjR) t y pSl/V T0 ) (D&it 
«IA$ (20B-VSub) CD^^ffii: LXtfLTz 

[08] (£«0)M O S S« *tE*ft 080)"" m^Tjk-t 

(°iB0-efe4o 

[^#(7)lftB^] 

1 *-<D«3tt»tt 

2 m-a)m3S«B 

3 mn^mssgB 



5 K5>T ?@s& 

6 hr-v^EK 



7 fttRA-f 7XpI^(H]^ 





ims} 



[16] 



(■<) 



(□) 
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SB£T (°C) 
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1.38 
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> 1-30 
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1.28 
1.24 



100 



-24 



-54 



4rvMOSFET*U 



5.0 ^ 
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2.5 
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-24 



-5.0 



: N4rvMC 
- R2/R1=E 
• Mbu^OjO 
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SFETJKL 

88 

/ 








p«t54V,+i 
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wv 1 
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ftffl 2 0 0 3 



-78366 



[*&»IIE#] 

[ffittlB] W-f&l 4^4^178 (2002. 4. 1 
7 ) 

C^ffilE 1 ] 

[«»g] mmm 

[i»#ian p^t^Mos FET-cittssnsa 

^CDm^MSS?rWTS*b>h 5 5-[51Sg (4) 
*al?©miMSE§{tJg&S 3 txtdmSW N ?• +■ * ;UM O S F 
ET^rWTSPggtCtj^T^ a&©N?^*JHVIOSF 
ET©V-*- KU-f>Rf]mii*iiE/BMOSFET£± 
iaP^t>*JUMOS F ETiiE^KCg^bfcMOSMS 

[II5RIS2] P^t^MOSFET-C^^ 

- m=.Rvm=<Dmmmffi d. 2, 3) £Wb±ia 

l£— ©m&ilB£^T;*l££-t&:<7U> f- 5v-|HSS 
(4 ) <fc, m-©«^igSg ( 1 ) Kjjgn/c f^l/ 
y -> 3 ;U KM ^-CI&f^T-S) N J- * *;UMO SFETi, 
St-©^zjisg8g ( 2 ) tc^3 fite^* \y v is 3 ;u K 

?i««-ct6^f s n? t *;umo s f e Tmsmmri- 
m=<Dfmtm& <3) ic&^ttfcjfiftsft^&tfp 

E^[hI8S:c4sut. »n©fiijgig|fS (2) KfcW£± 

IBP^ + ^JUVIOS F ETiNft^MOSFET© 
IBKC KU-f>- V-X|l81IffitiiEfflN?i>*.>UMOS F 

e t zmm utcMo s sas^ff^msg. 

[fff3SI3] liSV„ o •GND^ P^-p^^UM 
OSFETi. F8ii&©K:W7'fflN^+*Jl, 
MOSFET*nlSCCit?iJ^b. GNDfMA>6n©@ 
©F7-f ? + *;UMO SFE TO KbY >^mfia 

KU-T> • V-xra^JEffllEfflN^f ^IMOSFET 
©Y- f-«:&|£U So. n : RO'n^ (Sjgl 

S£EV D 0 ) / ( F5-fyfflNf t^MOSFET© 
UsHMBHffiV T ) F7-r^Is]SS (5) 

iifcci i r -5>liilBi»#^ 1 Xttff 2 ©0 

[ft^ll4 ] -y- h «: 1 13@©|t)ia K^-f^ffiNft 
^MOSFETOFU-Z^i^nSiSK. FU 

*I8S < 1 ) tt-WSN^t^HvlOSFEKOKl/^^ 
te&JrcS^/tN^ + ^JUMOS F ET5ffll,>/a$- h 
Tv^TelJS (6) £WlT£i!?t2f»*S3CClBS5©MOS 

[ II*IB 5 ] B5IB^H©miSM3S ( 3 ) IrC&mZtitc 
PnS^-^-K©^^. FS!£©N ;F 



+ *.»UMO S F E TZm^tcC tzftmt-irzffimm 

3f2, 3X«4©li-rn^CCf5J£©MOS^Sii^)I^ 

[f»3fcJI6] S5ia^-<3h- K^M©N? -p^JUMOS 
FETCtfeWSa^-WT^SEEVs „ „ £ilg-r&« 

^nVTXdJSIhISS (7) zm-ttcctzftrnttzm 
&mxm 5 tcsatE©M o s mmmnK%£.\E\&. 

co 0 0 1 ] 

tmxDm-rz&ffiftm] *&mz. mosfet«c± 
co 0 0 2 ] 

m*(D&ffi) 4b, /j^-c'/hm^-cflojisa^iHiss^ 
e>n £ ta <t ©^ £ juisg^^©^^^ 

^ 3 ti& t >^^E#&£ms§©!££!i#5Si>T «^ <l a 

S&«**JBE»£ls|»aJB#S*i5. fct, CMOS 

ess 0 x&fe h itw&iE3&£m&* mm- & c £ 
[0003] '^£Q^imm®i&K.mm2tizmm 

[0 004] hT-^T'lElSS^, Stt^OF^t » 

•7-l]SS-©®®}aA^»i«:*Jl^r, mw&Amlc*stt& 

^f£ffiii-fS:&©teS&[HSSr*S. ^[h]K«SS-C 
«. magS AtC Kl/t, P^t^MOSFET 
T. PMOSFETilB-r. ) P 0 7 RZfti* + *)UM 
OSFET(Ji(T> NMOSFET^IB-r. ) N0 7© 

OSFET : NOQUmmh. NMO S F E T : N 0 1 

mno 2ic>rt-r€»ms©y- hnKznzttvcz 

[0 00 5 ] MOS FETWiNFtt^s&SffitorSgJa: 
3 : CCT. ^t-*^©itI£S3^— ffitfc^ 

n«3ii%5#MO SFE T© K U-Y >«^tC— ^©fct 



SftTI^-StilC, ^-fXlDPMOSFET : P 0 1 , 

P02. po3^L->h;7- jgssu *u>h57 
sit (kit. Ku-f ) fc-s, 

[OO06] /^K^-^Hffitt, p n&^-f*- 
h*D0 3 C t l = «fc y . feiSSStr-Js^V U3> 

/OK^fy^ (KIT, K^^-v^irlfi-fo ) dft 

#Lfca*«EE**£s-i*-.&Eitt-cfcoT, sm±. ifr 

L/> h 5 ^ — [H£§CD PMOSFET : P0 1, PO 
2, P0 3<DKH->maStA<ffll|Lt^ (IjUMifiliSCDtfc 
m^ttO) Ct^fttLT. S3iaiEVDDa)^lftl- 

[0 0 0 7] 

l-*-riHmSfi£T-l±. NO 1 O K L"f N02© 
KU-f >1l±i:a)F B 1l-MA<±i:, fcfciL NO 1 t N O 2 
©MfMSa/)*-* U -v> a ;u K^i£t- & o t- 1 L T 
itiJfeN 0 1 tN02(D KU-f > • V— XlSSSSE*^ 

S3SEA<. tt,^l:l±VDD<a£i!ia>^S£glf 

Us V D Dl=«LTSSLfcSmmBEV RE F ^i#SC 

•fctfaSJfcfcfro/io 

[0 0 0 8] ^IBB^Iot. ±feH«lC^Tfi£$+lfct(D 
[0 0 0 9] 

icfig $ *vy-*^B^|c J: $ M O S £&**EX£lal&l±. 
Pft^MO S F E TT*^f££;h.&*ggfe(DB3ii*§S&£ 
*-f-S2iU>h5 : 7-[e]g§,h, •C-ti*a}*3t<S»l=SM 
JhfcSS©Nft*^MOS FET£*-f &[s]S&lCfc 
OT, ffiglOTN^-V^/UMOS FET©V- X • KI/-C 
>FB^ttEttiEfflMOS FET^JifBP^i'^-^MOS F 
E T tW.&}\ZtemLtzW$:ft®it? 6. 
[0 0 10] ^ymttMlCl*, PMOS FETT-1SJi!t£ 

t^NMOS FETt, m-<Dm3£g«|Cfg^$tl.fc-9- 

^i/r>a)i< KfU^-eiSfrr&NMOs f e T&tfig 

ngt^-ft-KfCMJtl, ±S20(DNMOSF 
ET0 K U<f >«SA<ISI£« L < ^4*51-, 91— 09. 
SSgSSI-fclt-SiiaPMOS FETtNMOS FET© 



FbIIC KL/-f> • V— XRUSIifiSlEfflNMOS F ET£|g 

&u:mH(Da3itgK-€-+i.-etil-o^r. HfifB PMOS f 
E T £ 2 SUitJUfgiSI LT * U> h 5 

[0 0 1 1 ] - yUT^mtlt. *U> h£ 7 - 

il:355it(DPMOS F E Tffly- McfctLTI^Ctt 
fit5fgSt-T'<< aSitfl)PMOS f e T©y- Hc}g 
1ST 3 U fi^^i^fSlc3g^.-& 

•S, ft. SIgBJ*i8|::fc^T*gifi;Sl^<b:lot. mWSZ/ffi 

[0 0 1 2] S31VDD • GNDFbIIC. Pft^MO 
S F ETt, ^T-fTf— KJf^OT K5-f^fflN^-V*;UM 
OS F ET$nSICi£5lJ}gJg|L. GND»f,ng|(0 
K7'f7ffiNfA'^MOS FETfl) KM >^Birta F 
U-f >■ V— xra^li : fSjEfflN5 1J s'^-;UMOS FETffl 

y— h=»i*l. n : g^nt. s^ng (ta* 

1±V D D) / ( h'7-f7fflNMOS FETroL#l^fit1l 

ev T ) ^iss-r-smist-r-sji^tfcy. mic. y- 

M= 1 S § Ofjfe -f N M O S F E T <D K U-f > 

*U V-XA< H Uf2m-<Da3it^Kl;fcM+-5>NMOS FE 
T <D Kl/-f VlcSSc$llfcNMOSF ETjfflW;X$ 

[0 0 13] iHlE V r E FffllS t^tttEt-$ 

©$iiep$^<t-r-<< mivj*— k»nmos f 
tey-r^-— km©nmos FETt lot. y— h- KU 

[0 0 14] 

[JS(pl(DiiS£(Dff*®] KIT. ^flBJfc^MOSSS^ll 

IC^Lfc-9">^H°]Klot, PMOSFETI:J:|)*U> 
hS7-lsllB4ai;MOS FET(DKU>f>mfE£lsU£ 
^L<-T4fctf)(D KU-f > • V— XFelSEffliEfflNMO 
SFET : N4j*ffiU;/OK^W7"lslffii, 

[ooi 5] Bute/O K^w^iuKiots masmBEv 

D D ■ G N DFbIC PMO SFET: PI. PMOSF 
E T : P 4 , MNMOSFET : N 1 ^tt^lJICg^L 
fcm-©SSggKl t. PMOSFET :P 2, PMO 



SFET: P5, K U-f V • V— XFtHHEMlEffl N M O 
S F E T : N 4 . NMOS FET : N2, Rlf&inm* 

Rizw.mzmmLtzm=<Dn7%&&2t. pmosf 

ET : P3. PMOSFET : P6. ffi#L|ft^-R2. R 

[00 1 6] frte*U>K 5^-0^41*, PMOSF 
ET : P2. P5(D<r-h • K U-Orsl^^S?^ P 
MOSFET: P1, P2. P3(0y-FB±. Sl/P 
MOSFET: P4, P5, P 6 <7)>f— f- ^±A<S$&$ 

^T?«fiE*4x-Ct^„ MIEN 1©K U"f > • f— 

hFs1A<3S$§£;tv NMOSFET : N1, N2(0 

^— hl^±*<^$&$^-SC tir^oT, NMOSFET 

ttSMllH) SS(D gi*ai±#§± ®&o> & * tz & V 

REFl*. HtJtBm = <DS5it*i^^fiE-ri. PMO S F E 
T : P 6 <tfitt^R2P B 1<7)ai*aiA^?l#ttS$^-5t 

[0017] ffif£x£— hr>v^is]ss6i*. masmnv 

DD ■ G N DfiUlC. PMOSFET: P7, KU-O ■ 
V— V ffl £ £ tir $f-f KfSta t L fc K ^ -f Zfffl N 
MOSFET : N7, SUh*7'("?fflNMOSFET : 
N 8 £i£5iJ(~fS$JcLfc K5-f ^BSS 5 <t. KL-f >£S 

4 • n 1 miztm-tztrnz, -E-o>>f-h£iwfEN7 • 

N 8P B 1IC^LfcX^— K7"^fflNMOSFET : N 
9<hfr£>*f/£$;h..5 0 aiX9-|-777'fflNMOSF 
ET : N 9t)m®TZ>Z\t\Z&-z>T. N 1 , N2^Brl 
(Dy- ha££jt-\pAM-(S$iSLTiHrfe/\*> K^* -v^IhI 
8&<DX$-l-T-:/:/£fT£9. ft. BtJaBK^-r^fflNM 
OSFET: NBroh'b-f _tfE K U-f > • V — X 

FslSEtiglEffl NMOSFET : N 4 ©y- McJgijS;* 
*U ^1$ KU-f> • V— XRSISEfitlEfflNMOS FE 

[0 0 18] -tlEttf&ICfcl^T PMOS FET : PI, 
P2. P 3<DT**)\,m&.lfT J r*)V<l%$ftmzmL< 
PMOSFET :P4, P5. P 6 <D 

-3, NMOSFET :N1. N 2(D ; ? 1 -f *-n<fi£l|L < 

IZ&-? Zm^Uitm mtLli. 1. 2, »., 7. 8ft) 

[0019] NMOSFET : N1, N2I±^^U-J 

tlbNMOSFET:N1, N 2 l-jSu+l-SHzift I 



1 (N1) . I 2 (N2) I*. TIE (1) (2) Sf4 
X.Z>H. p n ^'a^'f ir— K : D 3 Ic5ittt-5©3it I 
3 (D3) I*. TIE (3) xCT-^X^ft-So 

[0 0 2 0] 

[S&1] 



A wo - ^wo • «p[(^(«> - v t)' »■ k] 



(1) 



[§ft2] 



(2) 



[&3] 



7 3(M) " 'o(I»> " 



«p[(v o(M , -£ 0 )/K] 



(3) 



I s : ;aSlcte#L'SLN-9-^xu-y->a;u KmSPu 
V G : >r-KW± 
V T : LtltflMtS 

V t : HftSm (= k • T/q) 

k : ^l/77^ia 

T : $&*t;SS 

q : m. z F<DWffiik 

E G :vU3 >0>/O K^f -V ^ 

[0 02 1 ] -f- LT, mTlE/O K^r-fr Zf®&< DWi-<n 

*l*«sei 2<t« mH(pmg5^ 3i-gstt.5.agit i 3 ^ 

A<3f (I -, = I 2 =I3) tl»3*tt*aifc1i-|*. 
±12(1) (2) (3) iCT--5-;Lf>*L-S I 1 . I 2. I 
3 liffiSlcsj l C £ i: * . 

[0022] SipllliVREFl*. TIE (4) it 

I c J: ot 4-*. ?)*v -So 
[j&4] 



(4) 



lb, m : N li:N2(Of*^gW 1 , W„©tt (m = W 2 /W l ). 



[0 0 2 3] llMBftWWEVREFOaft&ttl*. TIE 
(5) jX.V5-x.Z>*1. p ny-fjj"— KD 3ICEnttl^4X'5) 

tEroagt*ttii, Tie (6) it T- -5- 6c 

[1315] 



(A / AT) • - (n *,/*> )•(*/ 9 ) In m + (A /AT) ■ V £ 



D(J>J> 



(5) 



[gas] 



(a/ad- v^, - - v^J/r 



(6) 



[0 0 2 4] ;gJ£*#tt£¥Jglc-f ^.hl^CirT- (A/ 
AT) ■V RE F = 0tL > (5) KlzKATZtTU 
(7) iCt^So 
[&7] 



(7) 



[OO 2 5] B|]*,. (R?/R i ) g)tt*< (7) iC^jS 

i^icssLfcTte (8) 5eo»ai±$sjti«)iv R E f 

[»8] 



^t-KtSi©NMOSFET : N3lca#fi4^.^,C 

i*<ai£3« :: ?-rt<jK$;h.Tl^-5c ccd tile p n*g-&$r 

-f K : D3J9"'C K?glt<D NMOSFET : N 
3lca#^7tfc^^lcli, p nft^y-fsl-— Kl=3S*l* 
3 (D3) l*» ±fBy-r 5*— KJfigiOTN MO S F 
E T : N 3 <D K U-f > • V— *|HHcSfch.4*at I 
3 (N3) <t^y» TIE (9) SCI-d;oT4-X.C.+l-i> 0 
[H&9] 



(8) 



(9) 



fLT. ^-<7f-— KftaONMOSFET : N3lc91in 
J±V RE Ftf>*§= tratSK, TIB (10) 5tT--£ 

•So 

[IBM 0] 



[0 0 2 6] H2lrjKLfc+>:l/^ , ;Hlg&|cfctNTIi. p 

(a /at) ■ v^,, - -[v„ - v^j/r 



( 1 0) 



<BU V TO fct 

T=0 K-CCDN 3<DbgC^fitg£ET!S)-5« 



[0 0 2 7] CCT'. TIE (11) S$iSS-r-5J:5lC 
lslKiSat-r+il=E, (A/ AT) •V R EF = 0i)Jfy. 
TIE (12) Sc&tilirSiUmUVREFa^^So us 
S»^mJ±VRE Fl*. ^t-KMNMOSFE 



[§3M 2] 



[0 0 2 8] ±fES^±. NMOS FETaJSiSWEf-y- 
U -V •> a it K«9fttt d) . (2) SCr'-^^b*l-S 

L«ti». stoT. racy— hSE^EnansttTo 



T : N3O>T = 0 K Izfolt & L £ lM£«l±lc£^b £ 

[jgM 1 ] 



(1 1) 



(12) 

&NMOS FET : N 1 . N 2 iCliS C I 1 t I 2 <t I* 

U-y va;u KS§5I*V— X • KU-f >5Sj<Di||l±l-&ttc# 
■T-&<07?, I 1 = I 2 £3Sfc-f fcibiriiNMOS 



FET : N1, N 2<7>V — X • K M >M«E£«J L < 

[0 0 2 9] *3IJfi«<Diatt-Ctt, NMOS FET : N 
2CDV— XSEI4* NMOSFET : N 1 (D V — XU|j± 
ictt^T I 9 • R f (P«E»*:l*»<tES*<, CO) WE 

ICI4. , n 2 0) Kl/^>tE«:ait*Ll<«ti^. ±Sa 
t>^H!S(Dv5al/-va >»«(:: <fc*Ui. v D p 
#5 V0)B#<7)NMOS F E T : N 1 , N2 0)KL/-f>fl[ 
EI4. mrlBV— X - KU-OntEttlfflNMOSFE 
T : N 4*^1^*1^14. -t*l-F*lO. 7V<h2. 7 V 
fcfty. *?J2. 0 Vt<7)SEM7b<£i:Tl^o ** % d 
<D«^$SSTM*±IBSlilH-gT*3SSLfc I 1 = I 2 = I 

[0 0 3 0] L*>L&*<t>. ±I2-y->^;u[H]£S (HIS 
IK02#BS) fzfci^TI4. huIBV— X- KU-f >HMlflE 

*IIEfflNMOS FET: N 4IZ&U iftfSX* — H77 

^atts^&y— h«E*<««es*i*ctirj:oT. mm 

1EV d D^^lS^I^SiSUr NMOS FET : N 1 , 

ffl^4C, NMOSFET:N1, N2a)Kl/-f>tE 
I*. I^I^Ll^O. 7\ZtU^ 0 C<DflMc. ^l£V— X 

• Kl/-f>B«EffiIfflNMOS FET: N 4<Z>1&I±fS 
lEftffltf. NMOSFET : N 1 . N 21^^+1^ KU-T 

>m;7ft I 1 £ I 2 t huSB I i = I 2 = I 3 

r. «*«E"v D D«)*<bic»-r4!B*saittt^ses 

LfclflEV r E F - £ t 
[0 O 3 1 ] 

mmmi hjit. ±Eif>^natta>Kft • atomic 

— K : D 3 J ItNf:/^ V 7 ?I¥1E V r E F ^ 
VBR«L, ^f*-- Kf£J*NMOS FET : N 35 
flll*fc L #^ttlEI¥tE V REF?V TR «t 
^>o ^>^Hh1KOI^^I4. 1. 2 £ <7 p> • ;u— )\s<D 
nOiil/CMOS ^P-trXT^Tofco tttaX?-R1. R 
2ttn^i;U«ta-e»fiKL. R 1 14 5 O kQtfeSo 
[00 3 2] H4lCp nfg*y-f5j— KD3?ffl^A* 
>K^7^S$tEVBR<DVDD = 3V, 4V, 5 
V, 6V, 7 VT'^Jg&miT-^^o SISSS 
14-60, -20, +20. +60. +1 00°Ctfc 

14 (D) 14. KU-O ■ V-XP B imEffiiEffiNM 
O S F E T : N 4 (PMOSFET : P 5 £ N M O 
SFET : N 2 0) Kb^f >£&$&L£:if§a\ @4 (-<) 
14. KU-T >• V— XP B 1SEE*IiEffl NMOS F E T : N 
Itf&Zm^CDmfc&giZTJi-fo V D D=5. 0 V. T 



= +2 0°C-CODV B Rl^ 2 6ViSBE 

[0 03 3] ^ ^ KftfltO) NMOSFET : N35 
m^cL£lMl6mES*SJ±VTRr*(D. 
^m5\Z7jk^- 0 C0)B#. V D D=5. 0V, T = +2 
OtWVTRttWfctftl. 29VT^t, 
■*6(B6fr<i:||i:, KM > • V— x|Hl«E»iEfflN. 
MOSFET : N 4 d t iZ J: ot, VddSS 

1t(4«l»a>c:i:aflEtt#ttt*«lcat#$tLfco 

[0 0 3 4] ±E«S«S*£* /<>F^9?IWE 

vbrMl # L^fit«E»*«E v t r o^mmom* 

t Lxme\Z^ 0 ttttKDAV B RXI*A V 
TRl*. V D D=5. 0V. T = + 2 0°CT*CD/^> 
V v ?»1EV BRW L #lMMtE»*«E V T R 

mi± £S*fii <t lt. v D d = 3v-7v^iimv 

DD = 4 V— 6 VCDffiHlCOl^T. T = -60°C~10 
0°CCD;IiIS®HlCfc(t^/\*> K** *V ^S^SEV B R 

si/ l §^itEi?iE v T R<n&xm.fr m^mz 

[0 03 5] Ja~F. V D D=3V-7V(DlIICfclt4 

S4b***^=imr. v D D = 4V~6V0Kii:fclt 

— XFelSEffilEfflNMOS FET: N 4 £ffil*£l^J§£" 

a). 7. 2 (3. 3) %^e> ku-<> • v— xpamEffl 

IfflNMOSFET : N 4?fflL>4C tl:J:or 1 . 9 

ill, AVjRlis KW> ■ V— XM«EffiIEjflNM 
OSFET : N4fffl l^t^if! <7) 6 . 4 (2. 8) % 
frb KU-f > • V— XFeimEffilEfflNMOS F ET : N 

4$fflUSCi:l:ckotl. 7 (1. 0)%^£5fai/ 
3(D£»iiil::afe#£;Kfc 0 CCD^ir, Ku-f>. v- X 

fflW,l±t&jEm NMOS FET : N 4 (D&ffllZj: y V B R 

T rw d D«#ttia««#tt*<*Miza»s 
[0036] VL±iz&s<tzmj&&mz. mm^mm^n 

40^l:SSt^it^NMOS F E TICOINT^CD 

stems v sub *fta«cG n o^mm l*:»*<ds!S 

il/MOSFET : N 3 514 C#><h "T S N T^*Jl/M O S 
F E T<D&WU 7X1EV sub 5i@§-T 
TXpTgE[Hl»7 5iglt*ltf. «*tf. L^^fiimES^ 

iEVTR^4i§icfc^t, vsubiE^<b$ 

it^CtlC^y % ^t-KgStONMOSFET : N 
3(DT = 0 Kta)L#l^lEV T 0^it^l, o 
C<D«^5gl7|C^-r o ^ffi|Zl4. V T oMV D D = 
5. 0 V. T = +2 0°Clcfc(ti)L^l^fiimES^SE 

vtr [J^t. (v T r) t y pttE-To ] 5<by. m 
Wzit (2*B-vsub) 0¥^ffi5^^ 0 ::-e, 
2 0B = O. 6 7 vicg.s^. vtoM (v T r) 



typ£ (2tfB-V Su b) 0>¥*«fcl41ttttBB«-e 

*BEiaas*fliLfciaa-(?tiat^L, jmndrtmeei 

[0037] H7«fctJ % MJttS2*«EX±iai&4i|::#& 

tSitONMOSFET^, 0. OV 2. OV 

(DSSlEVs u b<BfiP*H = *-3T* (V T R) typ 
«E*<1. 29V-1. 7 1 V<0dUEHI::*3fc-oT*«» 

SubBPDDl:J:y; Vdd = 5. o ± 1 . . o vic*t lt 

fc) o H^IC. V D D=5. 0±2. OVIZ^-T^AV 
TRl*. 6-1. 9%(0ffiH"efcofco C0)|i 

EEVt R*tt^«EttHlc^fc-3Tpr*T?#4C 

/<> K*vy^*»«EVBRl=«k*»*«Eai[-e»« 

»a)a*ftL> l #i*wtE£4MiE v T r * mi^tzmm 

«E«<Dtt*-Cfc<5. 

[0 0 3 8] Bl7iSBl3*-r-9->^H5lBT*l4. 
1EV re F^SIHJ^tGN D t.<Dfi\\Z^ B;1SV D Dffl'J 
*&8tt*fR2, p n»-&y-f*— KD3 0)IBlr. X 
I4jgtfi!ii^-R2, m-Kft«(DNMOSFET:N 
3 0>ailcttttLfcft<. ca>IK*l4A*l«iLT*Hi:fttt 

I*. *SMfc«T?l4 n^i^CMOS^D-bXSS^fcfc 

SMr R 2 t p n wy-f t- K D 3 t e Atl 

[0039]-^ L«l4tEinEVTRl:J:i 
**«E56±[§]BW>ii$|::l4. nOUlCMOS^Pt 
X T* t «ta*^ R2t^>f Kfttt0> NMOSFE 

Sa^NMOSFET : N30V-XA <I 3 ; R 2 (PS 
E#t£(tJL^-r3(Z>T*. -tO)»«/WTX*Elwck*V 
TO±*»filtL#l^«El«EV T Rtf-tJW-* 

MOS FET^PMOS F E T £±T A*l§X.fc[H]i&« 
j££i££*t^tE-Cfc£o png^t-KD3 

#Sc<hi4S-5£-cifci*o 

[0 0 4 0] Hl7bSH3lz*-rSIJfi«ia>x^ — 

hT^^HB"CI4, Vdd ' GNDf 0 1II1O(DPMOS 
FET:P7£. 2 0<D NMOSFET : N7, N8£ 
It9JISaLfc«S*L. GND{l^£>2OgC0NMOS 
FET: N80)KU>f>t, K U-f > ■ V— ARSWEffi 
jEfflNMOSFET:N4©y-h$ft8Lfc, LA* 
U 0»»ttlc«CT KU-f > • V— ABI«E«jEfflN 
MOS FET : N 4 £»f|F 2Ft*4fc*)lZ % VqD " GN 



DBIlnK n^VDD/VT) (DNMOS FE 

T^lSMlflfiLT. ftlbONMOSFEKDGNDi 

fr6WtnBl0 KU-f >t KU-f > • 

IIIEfflNMOSFET : N 4 (D^f — h 3r}|c$jN~ SCtt 
[004 1 ] 

[36E<DaSS] ia±O*0<. **9ll::<fc4MOSai*fp 
«E**laII»lCj:*Ltf % Pf^^l/MOSFETt'M 

F ET£*-r£@S&lCfcl^T. SS^Nft^MOS 
FET0V-X- KU-f.>M*E*liEfflMOS FET? 
±BPft*^MOS FETiMlcWIu «iJx.(iP 
ft*^MOSFET"e*«S*l4K-, I-at/fE 

jfr^XVg v 3 ;U K «ig-eiaf^-r S Nf t^l/MQ S F 
K««T?ittt 6Nft*;i/MOSFE T AtfiSftX?- 

0£&lcfci>T. *— ©*»«HHcjsM-4±EP^**rt> 

MOS FETtNfV^l/MOS FETCDfellC KU-f > 
■ V— Xfc1»EffljEfflN^**JUMOS FETSSfit 

& NMOSFET<DKL/-f >«E*M$IS* L < & 
NMOSFET(DKl/-f>«aA<f Kftot 
V r e F©9Stt4<*«l:ai* *i4 ^ i fc ft 4. 

[0 0 4 2] Sfc. «»Vdd • GNDFpIIC. Pft* 
;uMOSFETt. 9V*— KattO K^-f^fflN^-V 
*^MOS F ETJ nSIZlSJIJft»L. GNDfi^b n 
l£g<D K7-f^Nft*;i/MOS FET0)KW>5 
ATE Kl/-f > ■ v - xPISEIi iEl N f t O S F 
ET©y-H:8«L, n : Stfn^ 

(maSSEVDD) / (K5-f?»NMOSFET(DL 
#l>fit«EV T ) tSHa-T*K9-f ^B»*«lt#itf, 

KW>- V— XFeimEMiEffiNMOS FET^-h 
^BP*0"C^4<D-e. N1i:N2f^L/>h5 7-Ml: 
fc£«&CDNMOS F ET(D K U-T >SES0>*8iE£ cfc 

[0043] nziaaoowEK^-f 

f-V^MOS FET0 Klx-f >*<»a**l*t*fC. 

m3t^(Cfclt^N^^^;UMOS FET(D K U-f >lc 
SScS*tfcN^^^;UMO S F ETjffllNfcX^- h7 
^ESS^Ifclt^C tfC^oT. RffM(D>f- hSE^il 

[0 0 4 4] KrE* = 0)«a«»lr««**tfcp nfg^ 



Vv?<b^5^3I£§£Ti*££*t-&iiSl1 . 2 1V05-S 

$*ifcp n mis tr 4 y-f*-K»« 
sai*si3t rfp Hz «fc o re micisgnrfiifc l # ims 

<fc-5„ COTCirli, CMOS FET(D5SJfffl1bti:tl- 

[iscDfgJti&iftBji] 

[si] *f§Bjicj:^Moss**a)±^[His&ro— m 

[12] ^BJ|cJ;-5MOS^S*li)±*±lHlSS<D— 

[13] *S£B£|c£&MOSM*2t®li#t±[Hl£&0>-#J 

[14] (-f) (a) KL-f> • V— *RS]®J±4iIEffl N 
MOSFET©tilcoi>T. SEE&SJllCfc 
ftfcI*taVREF (Vbr) <D;Sgfttt£jFLfc?" 

[15] (-f) (a) KW> • V-*F B 1®E«uEfflN 
[Hi ] 




MOSFETfl)til:out. mH^ISIc J: 
fcfc»*lEVREF (V T R) (DSJtfttt^Lfc?" 

[16] KL/-f> • V— XPtHHEEISlEffiNMOS FET 

Vref (VbrMv tr ) oifcJKttttSKIMISiai 

[17] Iffi/ W V s u b 0S<bl:*tt 

lEVREF ( (VTR) typMV T o)(B$ft 
titN$ (2^B-Vsub) (DW-^mtLXmLtz 

[18] &3fc(DMOSl!Jtti£®l±^@&<D-0iJ£;j^- 

1 ff-(0*3ElSS 

2 «-0)«3StigS& 

3 tt=o>«9MSB 

4 Ab>h5 7— ESS 

5 K5-f^EB 

6 X^i— KT-v^IIlS& 

7 »tE/W7Xpr*E» 
[#«S*tIE2] 
[*SiE*ffl#S«] IS 

[ffliE*t^JSg«] ±m 

[12] 



Vbs 




[IU3] 



[14] 




-100 -50 O SO tOO 150 

i&£T (°C) 

[0 6] 




[gl5] 



[18] 




02)5£W% 




F$— 5H420 NA16 


NA23 


NB02 NB22 NB23 




■ lU!IRtt7K8/J^BrJRSBT5180 BllJ»a:*: 


NB25 


NB36 


NE11 






5J090 AA03 


AA43 


AA58 CA02 CA04 


(72)3SBJ5# 




CA11 


CA98 


CN01 FA01 FN06 




■iUiiR*5»itrfl:n2i84 tenuis*; ;\ 


HA10 


HA17 


HA19 HA25 KAOO 




-f "x <7 ft 


KA09 


KA12 


MA21 TA02 TA04 






5J091 AA03 


AA43 


AA58 CA02 CA04 






CA11 


CA98 


FA01 HA10 HA17 




-f T" % V ^ ft 


HA19 


HA25 


KAOO KA09 KA12 




Hi* Stil 


MA21 


TA02 


TA04 






5J500 AA03 


AA43 


AA58 AC02 AC04 




-Yx^ft 


AC11 


AC98 


AF01 AH10 AH17 






AH19 


AH25 


AKOO AK09 AK12 






AM21 


AT02 


AT04 NC01 NF06 



